BACKGROUND: Subdural collection is a possible adverse event that can occur after hemispherotomy. OBJECTIVE: We describe our surgical technique to avoid subdural collection after periinsular hemispherotomy in children. METHODS: Since 2008, we have closed the corticotomy with interrupted pial sutures and fibrinogen glue in 16 patients. RESULTS: This operative technique stopped the occurrence of postoperative subdural collection and was not associated with an increased incidence of postoperative hydrocephalus. CONCLUSION: We recommend closing ventricular access after functional hemispherotomy, notably in patients who have had a stroke.
A ccess to the cerebral ventricular system creates a potential fistula between the ventricular cavities and the subdural space, and it risks complications such as cerebrospinal fluid (CSF) subdural collection (SC) and wound CSF leakage, notably in pediatric patients. To minimize these risks in patients undergoing tumor surgery, some authors have proposed decreasing the size of the surgical corridor, inflating a glove finger, 1 or using fibrin glue on or around the corticotomy. [1] [2] [3] Hemispherotomy for epilepsy also includes a wide ventricular opening. Moreover, hemispheric disconnection is often indicated in patients with epilepsy secondary to prenatal vascular insult, in which the brain is very atrophic. As such, SCs have been reported with a frequency of 41.9% at 1 year after surgery in a series of 53 patients, with 90% of patients who had a stroke exhibiting SC on the immediate postoperative scan. 4 Although there is no evidence in the literature, the presence of SC potentially leads to CSF leakage and makes hydrocephalus more difficult to treat if it occurs. Yet, to our knowledge, no authors who perform hemispherotomy have reported any surgical trick to avoid SC, and the exact incidence of postoperative SC is unknown. We describe our technique to close the split hemisphere, and we report our early results with a special emphasis on patients with prenatal perisylvian infarcts. The mean patient age at surgery was 7.9 years (range, 0.6-18.1 years), the male-to-female ratio was 1.4, and 31 of 60 procedures were performed in the left hemisphere.
The causes of the patients' hemispheric epileptic syndromes were as follows: hemispheric malformation of cortical development (MCD) resulting in multilobar cortical dysplasia 5 /hemimegalencephaly, 38.6%; prenatal perisylvian infarct, 35.1%; Rasmussen's encephalitis, 19.3%; Sturge-Weber syndrome, 5.3%; and porencephalic cavity in 1 patient (1.6%).
Functional Hemispherotomy
Patients were operated on with a modified peri-insular hemispherotomy technique under image guidance. [6] [7] [8] We performed subpial resection of the pars opercularis of the frontal lobe after opening the pia arachnoid at least at 5 mm from the sylvian fissure. Transection of the corona radiata offered access to the lateral wall of the frontal horn, which was left intact. Proceeding downward through the external and extreme capsules, we then entered the temporal horn of the lateral ventricle, thus disconnecting the insular cortex before resecting the amygdalahippocampal complex. After opening the body of the lateral ventricle, we performed a total callosotomy, and the procedure was terminated by frontobasal disconnection from the rostrum medially to the rectus and orbital gyri laterally.
Closure of the Disconnected Hemisphere
A Dandy catheter was inserted in the resection cavity. We closed the corticotomy on its edges with interrupted sutures ( Figure 1B ) along the pia-arachnoid using Vicryl Rapide 5-0 suture (Ethicon, Inc., Somerville, NJ) under operative microscope visualization. The distance between the cortical incision and the sylvian fissure facilitated this by ensuring there was adequate pia-arachnoid for the closure to be effective. We then inflated the ventricular cavity with saline and applied fibrin glue (Tisseel, Baxter International, Deerfield, IL) to seal the corticotomy ( Figure 1C ). The Dandy catheter was removed and the dura was closed.
Additional time required to close the hemisphere was approximately 15 minutes, and the total procedure lasting an average of 3½ to 4 hours.
The cortical closure technique, in which the pia-arachnoid is stitched and fibrinogen glue applied, is demonstrated in the supplementary video online (see Video 1, Supplemental Digital Content 1, http://links.lww.com/NEU/A340). This technique has been used at our institution since 2008.
RESULTS
Postoperative magnetic resonance imaging was performed to assess the completeness of the disconnection and diagnose potential adverse events such as SC.
Before 2008, the rate of radiologically confirmed SC was 31.6%. The mean SC width was 22 mm (range, 15-35 mm). This collection was symptomatic in 2 cases (raised intracranial pressure and CSF leak) and required surgical treatment: a subduroperitoneal shunt in one patient and external ventricular drainage followed by ventriculoperitoneal shunt insertion in the other case. The occurrence of SC was not linked to hydrocephalus. Hydrocephalus occurred in only 4 patients, all of whom were treated for hemimeganencephaly, and none of them had SC.
SC was most frequent in the infarct group (40% of patients) and the Rasmussen group (37% of patients); 18.7% of patients with hemispheric MCD had SC.
Since 2008, we have used our technique to close the hemisphere in 16 patients (10 with infarcts, 3 with MCD, 2 with Rasmussen encephalitis, and 1 with Sturge-Weber syndrome). We have not documented a case of radiologically confirmed SC in these patients. Furthermore, we have not observed an increase in hydrocephalus complications, as none of these patients required a VP shunt.
DISCUSSION
Since the first description of functional hemispherotomy by Rasmussen, various techniques have been proposed to perform hemispheric disconnection: parasagittal vertical hemispherotomy, peri-insular hemispherotomy, modified peri-insular hemispherotomy, and transsylvian keyhole functional hemispherotomy. [6] [7] [8] [9] [10] [11] [12] These techniques share 4 common goals: transsection of the corona radiata, removal of the temporomesial structures, transventricular callosotomy, and disruption of the frontal horizontal fibers. 13 Because it is mandatory to open the ventricular cavities, the risk of SC is important; the hemisphere may already be atrophic, and brain compliance is higher in children.
In this article, we describe our technique to prevent subdural CSF collection after functional hemispherotomy. Closure of the corticotomy permits inflation of the brain with saline, thus avoiding creation of a void subdural space. Use of fibrin glue, with its adhesive properties, strengthens the corticotomy seal and restrains movement of intraventricular CSF into the brain.
14 This seems to have a stronger physiological basis than, for example, use of an inflatable balloon after resection of large tumors. 15 Our preliminary results in 16 patients tend to demonstrate that this technique is effective, as none of the patients developed radiologically confirmed SC. If small CSF SCs seem not to be symptomatic, it seems that large CSF collection can lead to severe adverse effects that justify our operative technique to prevent their occurrence. Moreover, this technique seems safe, as we did not observe an increase in the occurrence of hydrocephalus or adverse effects with the use of fibrin glue.
At our center, procedures that require hemispherotomy are performed only according to the modified peri-insular technique. Therefore, we do not know whether our technique can be used with other types of hemispherotomy. The answer might come from authors performing different surgical procedures at other centers.
CONCLUSIONS
Closing the corticotomy is a safe and reliable technique to avoid SCs after modified peri-insular functional hemispherotomy.
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